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Appl. No. 10/661,130 

Reply to Office action of 08/05/2004 

Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

1. (cancelled). 

2. (currently amended) Tho m e thod of claim 1 - A method of fabricating 
PMOS and NMOS metal gate structures in a semiconductor device, the method 
comprising: 

forming a gate dielectric in PMOS and NMOS regions above a semiconductor 

bodv: 

forming a metal nitride above the gate dielectric in the NMOS region; 
forming a metal boride above the gate dielectric in the PMOS region; 
patterning the metal nitride to form an NMOS gate structure in the NMOS region; 

and 

patterning the metal boride to form a PMOS gate structure in th e PMOS region: 
wherein forming the metal boride above the gate dielectric in the PMOS region 
comprises: 

forming a metal nitride above the gate dielectric in the PMOS region; and 
introducing boron into the metal nitride to form the metal boride in the 
PMOS region. 

3. (original) The method of claim 2, wherein introducing boron into the metal 
nitride in the PMOS region comprises selectively implanting boron or boron-containing 
dopants into the metal nitride to form the metal boride in the PMOS region. 

4. (original) The method of claim 3, wherein the boron or boron-containing 
dopants are implanted into the metal nitride in the PMOS region prior to forming a 
conductive upper material above the metal boride in the PMOS region. 

-2- 



PACE 3/14 ■ RCVD AT 2/2/2005 10:26:56 AM [Eastern Standard Time] " SVR:USPTO-EFXRF-1/0 * DNIS:8729306 " CS©:972 278 9775 * DURATION <mm-ss):05-02 



Feb 0205 09:29a Jacqueline J Garner 972-278-9775 p. 4 



Appl No. 10/661,130 

Reply to Office action of OS/05/2004 



5. (original) The method of claim 2, further comprising: 

forming a conductive upper material above the metal nitride in the NMOS region; 

and 

forming a conductive upper material above the metal boride in the PMOS region; 
wherein the conductive upper material Is formed in the PMOS region prior to 
introducing boron into the metal nitride in the PMOS region. 

6. (original) The method of claim 5, wherein the conductive upper material is 
poly-silicon, and wherein introducing boron into the metal nitride in the PMOS region 
comprises selectively implanting boron or boron-containing dopants through the poly- 
silicon and into the metal nitride to form the metal boride in the PMOS region. 

7. (original) The method of claim 5, wherein the conductive upper material is 
poly-silicon, and wherein introducing boron into the metal nitride in the PMOS region 
comprises: 

implanting boron or boron-containing dopants into the poly-silicon in the PMOS 
region; and 

diffusing at least some of the boron or boron-containing dopants from the poly- 
silicon into the metal nitride to form the metal boride in the PMOS region. 

8. (original) The method of claim 2, wherein introducing boron into the metal 
nitride in the PMOS region comprises exposing the metal nitride to a boron-containing 
ambient to form the metal boride in the PMOS region. 

9. (original) The method of claim 8, wherein introducing boron into the metal 
nitride in the PMOS region comprises annealing the metal nitride in a boron-containing 
ambient to form the metal boride in the PMOS region. 
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10. (original) The method of claim 8, wherein introducing boron into the metal 
nitride in the PMOS region comprises exposing the metal nitride to a plasma in the 
boron-containing ambient to form the metal boride in the PMOS region. 

11. (original) The method of claim 2, wherein introducing boron into the metal 
nitride in the PMOS region comprises: 

forming a boron-containing material over the metal nitride; and 
diffusing boron from the boron-containing material into the metal nitride to form 
the metal boride in the PMOS region. 

12. (original) The method of claim 2, wherein the metal nitride is one of M x N Yl 
MxSiyNz, MxAIyNz, and MwAlxSiyNz, where M is one of Ti, Ta, Hf, Zr, and W. 

13. (original) The method of claim 2, wherein the metal boride is one of M X B Y , 
MxSiyBz, MxAI Y B 2l and MwAtxSivBz where M is one of Ti, Ta, Hf, Zr, and W. 

14. (original) The method of claim 2, wherein the metal nitride is TiN and the 
metal boride is TiB2. 

15-17. (cancelled). 

18. (currently amended) Th e m e thod of o l a i m 1. A method of fabricating 
PMOS and NMOS metal gate structures in a semiconductor device, the method 
comprising: 

forming a gate dielectric in PMOS and NMOS regions above a semiconductor 

body: 

forming a metal nitride above the gate dielectric in the NMOS region: 

forming a metal boride above the gate dielectric in the PMOS region: 

patterning the metal nitride to form an NMOS gate structure in the NMOS region: 

and 

patterning the metal boride to form a PMOS gate structure in the PMOS region: 
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wherein forming metal nitride above the gate dielectric in the NMOS region 
comprises: 

forming metal boride above the gate dielectric in the NMOS region; and 
introducing nitrogen into the metal boride to form the metal nitride in the 
PMOS region. 

19. (original) The method of claim 18, wherein introducing nitrogen into the metal 
boride comprises performing an ammonia anneal to form the metal nitride in the PMOS 
region. 

20. (original) The method of claim 18. wherein introducing nitrogen into the metal 
boride comprises performing a plasma nitridation process to form the metal nitride in 
the PMOS region. 

21. (original) The method of claim 18, wherein the metal nitride is one of M X N Y , 
MxSMMz, MxAlyNz, and MwAlxSi Y N z , where M is one of Ti, Ta, Hf, Zr, and W. 

22. (original) The method of claim 18, wherein the metal boride is one of M x B Yl 
M x Si Y Bz, MxAlyBz, and MwAJ x Si Y Bz where M is one of Ti, Ta p Hf, Zr, and W. 

23. (original) The method of claim 18, wherein the metal nitride is TiN and the 
metal boride is TiB 2 . 

24. (original) A method of fabricating PMOS and NMOS metal gate structures in 
a semiconductor device, the method comprising: 

forming a gate dielectric on PMOS and NMOS regions above a semiconductor 

body; 

forming a starting material above the gate dielectric in both the NMOS region 
and the PMOS region, the starting material being a metal nitride or a metal boride; 
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changing the starting material in a first one of the NMOS region and the PMOS 
region such that a metal nitride is provided above the gate dielectric in the NMOS 
region and a metal boride is provided above the gate dielectric in the PMOS region; 

patterning the metal nitride to form an NMOS gate structure in the NMOS region; 

and 

patterning the metal boride to form a PMOS gate structure in the PMOS region. 

25. (original) The method of claim 24, wherein the starting material is a metal 
nitride, and wherein changing the starting material comprises introducing boron into the 
starting material in the PMOS region to change the starting material to a metal boride in 
the PMOS region. 

26. (original) The method of claim 24, wherein the starting material is a metal 
boride, and wherein changing the starting material comprises introducing nitrogen into 
the starting material in the NMOS region to change the starting material to a metal 
nitride in the NMOS region. 

27. (cancelled). 

28. (currently amended) — Th e dev i c e of c l aim 27. A semiconductor device 
comprising: 

an NMOS transistor gate structure, the NMOS gate structure comprising a metal 

nitride structure and a gate dielectric between the metal nitride structure and a 
semiconductor body: and 

a PMOS transistor gate structure, the PMOS gate structure comprising a metal 

boride structure and a gate dielectric between the metal boride structure and the 
semiconductor body, w herein the metal boride structure comprises a metal nitride 
material doped with boron. 

29. (original) The device of claim 28, wherein the metal boride structure is one of 
M x By, MxSiyBz, MxAlyBz, and MwAl x Si Y Bz where M is one of Ti, Ta, Hf , Zr, and W. 
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30. (currently amended) Th e devic e of cl a im 27. A semiconductor 

device comprising: 

an NMOS transistor gate structure, the NMOS gate structure comprising a metal 

nitride structure and a gate dielectric between the metal nitride structure and a 
semiconductor body; and 

a PMOS transistor gate structure, the PMOS gate structure comprising a metal 

boride structure and a gate dielectric between the metal boride structure and the 
semiconductor body, w herein the metal nitride structure comprises a nitrided metal 
boride. 

31. (original) The device of claim 30, wherein the metal nitride structure is one of 
MxNy, M x Si Y N z> M x Al Y Nz, and MwAlxSiyNz, where M is one of Ti, Ta, Hf , Zr, and W. 

32. (currently amended) The device of claim 2728, wherein the metal nitride 
structure comprises TIN and the metal boride structure comprises TiB 2 . 

33. (currently amended) The device of claim 2728, further comprising a 
conductive upper material above the metal nitride structure and above the metal boride 
structure. 

34. (original) The device of claim 33, wherein the conductive upper material is 
poly-silicon. 

35. (original) The device of claim 33, wherein the conductive upper material is 
tungsten. 
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